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WO 99/42781 PCT/FI99/00131 

Heat exchanger and method for producing the heat exchanger 

BACKGROUND OF THE INVENTION 

The invention relates to a heat exchanger based on heat energy 
bound to working fluid in phase transition, the heat exchanger comprising, for 
5 conducting elsewhere the heat energy generated by a heat source, heat ex- 
changer elements containing working fluid. 

The invention also relates to a method for producing a heat ex- 
changer based on heat energy bound to working fluid in phase transition, the 
heat exchanger comprising, for conducting elsewhere the heat energy gener- 

10 ated by a heat source, heat exchanger elements containing working fluid. 

Heat transfer is an old and known problem, the significance of 
which, for example in electronics, is becoming more pronounced with increas- 
ing power and integration densities, since all electronic components generate 
heat, which has to be dissipated to provide an optimal and reliable operation 

15 for the components. As the field of electronics continuously progresses in a 
direction where increasingly high powers are processed in increasingly small 
volumes, the temperature control of electronic components has become a de- 
cisive planning criterion. Many current electronic appliances need cooling that 
cannot be achieved by conventional metallic cooling fins. 

20 This invention is, however, not restricted to the temperature control 

of electronic components only, but here a heat source refers to any heat 
source, whose temperature needs to be controlled or whose heat energy can 
be utilized elsewhere. 

One way of controlling temperatures, i.e. to cool or to heat, is to use 

25 heat pipes, which are becoming a more important heat transfer means in tem- 
perature control applications for heat sources. 

The operation of heat pipes is based on phase transition of a liquid 
working fluid in an evaporator, and on vapour moving to a condenser where 
the vapour condenses back to liquid. The condensed liquid working fluid is 

30 driven by capillary force back to the evaporator by means of a particular wick 
structure. Another alternative to bring the condensed working fluid back to the 
evaporator is to use gravity. Evaporation occurs by utilizing the heat energy 
generated by the heat source, and condensation is accomplished in such a 
manner that the condenser end of the heat pipe is in a colder state, which is 

35 why the vapour emits its latent heat obtained by evaporation and condenses to 
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liquid. Since the latent heat bound to evaporation is particularly high and the 
mass transfer is rapid, the heat pipes provide heat exchange powers of a to- 
tally different category than the exchangers based on heat conduction. Con- 
ventionally each heat source has had a separate heat pipe. 

Recently, particular micro heat pipes have emerged along with con- 
ventional heat pipes. The dimensions of micro heat pipes are generally small, 
typically in the 2-3 millimetre range. The working fluid returns as a liquid from a 
condenser to an evaporator, driven by capillary force, also in micro heat pipes. 
The capillary force in micro heat pipes is caused by sharp corners inside the 
micro heat pipes in contrast to a separate wick structure in conventional pipes. 

So far there are only a few different models of micro heat pipes. Mi- 
cro heat pipes typically have simple triangular or square cross sections. It is 
essential that the structure includes, for example corners, which are small 
enough to drive the capillary forces to the liquid working fluid. Said portions 
are arranged between the micro heat pipe ends, and serve to transfer the liq- 
uid working fluid to be evaporated back from the condenser end to the evapo- 
rator end for evaporation. At the same time, the micro heat pipe has to include 
a free vapour channel. 

A heat exchanger structure using micro heat pipes is such where 
the base material comprises a plurality of parallel micro heat pipes placed 
apart. Such a solution is presented in US patent 5 527 588 describing a micro 
heat pipe panel and a method for producing it. 

A problem with the above described arrangement is that such a 
heat exchanger using micro heat pipes usually comprises only a small number 
of micro heat pipes. As a result, a heat exchanger using such micro heat pipes 
may use a relatively small amount of working fluid. This may result in a situa- 
tion where working fluid is no longer returned to the evaporator, i.e. a dryout is 
achieved. When such a situation occurs, the micro heat pipe stops functioning 
as desired, i.e. it can no longer dissipate the heat energy generated by the 
heat source. 

A corresponding situation occurs when a single micro heat pipe 
simply comprises too few such portions that transfer working fluid from the 
condenser end back to the evaporator, i.e. direct capillary force to the working 
fluid. 

In addition to temperature control, heat pipes can also be utilized, 
for example, in thermostat, heat diode and thermostatic switch applications. 
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The heat exchanger of the invention is also applicable to be used in such ap- 
plications. 

BRIEF DESCRIPTION OF THE INVENTION 

It is an object of the invention to provide a heat exchanger to solve 
the above problems. 

The objects of the invention are achieved with a heat exchanger, 
characterized by what is claimed in the characterizing part of independent 
claim 1 . 

The preferred embodiments of the invention are disclosed in the 
dependent claims 2-11. 

The invention also relates to a method according to claim 12 for 
producing a heat exchanger. 

The preferred embodiments of the manufacturing method are dis- 
closed in the dependent claims 13-17. 

The heat exchanger of the invention provides the advantage that in 
heat exchanger elements, such as micro heat pipes, the structure of the heat 
exchanger allows a larger number of such portions that direct capillary force to 
a liquid working fluid compared with a heat exchanger equal in size using con- 
ventional micro heat pipes. As a result, the dryout, where working fluid is no 
longer returned to the evaporator and the heat exchanger stops functioning, is 
not exceeded until higher heat transfer powers are used. 

Another advantage achieved with the heat exchanger of the inven- 
tion is that the advantageous structure thereof enables a larger number of heat 
exchanger elements per unit volume, and consequently more working fluid 
transferring heat energy can be used in the heat exchanger of the invention 
than in a conventional heat exchanger. 

A further advantage achieved with the heat exchanger of the inven- 
tion is that, since it may contain more heat exchanger elements per unit vol- 
ume than a conventional heat exchanger, the heat exchanger of the invention 
can be made smaller in size than a conventional heat exchanger and still 
achieve the transfer capacity of a conventional heat exchanger. This is a great 
advantage particularly in compact devices, where it has previously been im- 
possible to use heat exchangers owing to the their large size. Small size is 
also an advantage in devices where heat transfer pipes are used for other 
purposes than actual heat transfer, such as thermostats, heat diodes and 
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thermostatic switches. 

Another advantage achieved with the heat exchanger of the inven- 
tion is that the production technique thereof is simple. For example process- 
ing, moulding, casting, or sintering can provide the surfaces with such shapes 
5 that cause a capillary force to the working fluid. Initially separate surfaces of 
such initially one-piece heat exchanger parts can easily be brought into the 
vicinity of one another so as to form heat exchanger elements. 

A further advantage achieved with a preferred embodiment of the 
heat exchanger of the invention is that since it comprises at least one initially 
10 integral cavity and that the surface areas brought into the vicinity of one an- 
other are on the inner surface of said at least one cavity. Such cavities can 
easily be formed, for example, by pressing them between two instruments in 
such a manner that the initially at least two separate surface areas are brought 
into the vicinity of one another, whereby at least two heat exchanger elements 
15 are formed in the initially one-piece heat exchanger part. 

Another advantage with a preferred embodiment of the heat ex- 
changer of the invention is that such a heat exchanger is easy to manufacture, 
since the heat exchanger elements therein move substantially in parallel with 
one another. 

20 A further advantage achieved with a preferred embodiment of the 

heat exchanger of the invention is that the heat transfer capacity of the heat 
exchanger improves, since it includes at least two heat exchanger elements 
connected to one another with at least one connecting channel, and because 
such an arrangement ensures that cooling or heating capacity is transferred 

25 where it is needed. The possibility to combine heat exchanger elements also 
makes the manufacturing of the heat exchanger of the invention easier, and 
consequently each heat exchanger element does not have to be separately 
sealed. 

Another advantage with a preferred embodiment of the heat ex- 
30 changer of the invention is that the heat transfer capacity of the heat ex- 
changer of the invention improves, since it comprises heat exchanger mem- 
bers arranged to emit the heat energy of the heat exchanger elements con- 
ducted to the condensers into the environment, and because the capillary 
force becomes more effective as the working fluid condenses more rapidly 
35 back to liquid from the vapour phase. 

A further advantage achieved with a preferred embodiment of the 
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heat exchanger of the invention is that, since the heat exchanger members 
therein are air cooling members preferably integrated into the heat exchanger 
in such a manner that an initially one-piece heat exchanger part and air cool- 
ing members form an integral unit, the heat transfer capacity of said initially 
one-piece heat exchanger part improves, thus strengthening the operation of 
the heat exchanger of the invention. This is due to the fact that said initially 
one-piece heat exchanger part and correspondingly also the heat exchanger 
have in this preferred embodiment plenty of common interface, from which the 
warmer heat exchanger part can emit heat energy into a colder environment. 
Alternatively, liquid cooling members may also function as heat exchanger 
members, in which case the operation of the heat exchanger of the invention 
is strengthened by liquid cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described in greater detail by 
means of the preferred embodiments with reference to the accompanying 
drawings, in which 

Figure 1 shows how a heat exchanger of the invention is formed of 
a board-like initially one-piece heat exchanger part, 

Figure 2 shows a cross section of a heat exchanger of the invention 
comprising heat exchanger members, 

Figure 3 shows how a heat exchanger of the invention comprising 
two heat exchanger elements can be formed of one initially one-piece heat 
exchanger part including a cavity, 

Figure 4 shows how a heat exchanger of the invention comprising 
multiple heat exchanger elements can be formed from one initially one-piece 
heat exchanger part including a cavity, and 

Figure 5 shows how an initially one-piece heat exchanger part in- 
cluding a cavity can be connected to a base material by compressing it against 
a mould, thus forming a heat exchanger of the invention thereto. 

DETAILED DESCRIPTION OF THE INVENTION 

A heat exchanger 10 of the invention is a heat exchanger based on 
heat energy bound to working fluid in phase transition. 

The heat exchanger 10 comprises heat exchanger elements 12 
containing working fluid (not shown in the Figure) for conducting elsewhere the 
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heat generated by a heat source 1 1 . 

Here, conducting heat elsewhere refers to dissipating heat energy 
from the heat source 11 in general. Naturally there may be more than one heat 
sources 1 1 . 

5 The heat exchanger 10 of the invention comprises an initially one- 

piece heat exchanger part 13 formed in such a manner that at least two ini- 
tially separate surface areas 13a, 13b thereof are brought into the vicinity of 
one another so as to form at least one heat exchanger element 12 by the ini- 
tially one-piece heat exchanger part 13. 

10 The heat exchanger of the invention 10 is preferably formed of one 

initially one-piece heat exchanger part 13. This facilitates the manufacturing of 
the heat exchanger of the invention 10 since the number of parts to be con- 
nected is minimized. 

Figure 1 shows how a heat exchanger (10) of the invention is 

15 formed of one board-like initially one-piece heat exchanger part (13). 

The material of the initially one-piece heat exchanger part 13 should 
be such that the initially one-piece heat exchanger parts 13 made thereof can 
be moulded. A good thermal conductivity is also a preferable property. 

In principle, any substance capable of evaporating owing to the ef- 

20 feet of lost heat generated by the heat source can be used as working fluid. 
The most typical working fluid is water, the liquid phase transition of which oc- 
curs in a very appropriate range 0 - 100°C regarding, for example, the tem- 
perature control of electronic components. In addition, water has a very high 
evaporation heat, i.e. a small amount of water can bind a lot of heat energy. 

25 Alternatively high temperature liquid metals (K, Na), cryogenic liquid 

gases (H 2 , N 2 ), alcohol, ammonia or freon can be used as working fluid. There 
are also other alternatives. The choice of working fluid also depends on the 
material of the initially one-piece heat exchanger part 13. 

The heat exchanger elements 12 have two ends. The end close to 

30 the heat source 1 1 is called an evaporator and the opposite end a condenser. 
In the evaporator end a liquid working fluid (not shown in the Figure) evapo- 
rates into gas and binds evaporation heat, or latent heat, characteristic of the 
medium to itself. The lost heat generated by the heat source 11 provides the 
evaporation of said liquid working fluid. Evaporation causes a pressure gradi- 

35 ent in the heat exchanger element 12 forcing the evaporated working fluid to 
flow to the opposite end. The vapour is adiabatically conveyed, whereby the 
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variations in pressure and temperature are small. In the condenser the vapour 
condenses back into liquid, conveying the evaporation heat to the condenser. 
The condenser end should be placed in a colder location than the evaporator 
end so that said evaporated working fluid is conveyed to the condenser end, 
5 where it condenses back into liquid working fluid. The working fluid is returned 
in liquid form to the evaporator end along sharp angles or the like formed on 
the walls of the heat exchanger element 12 and causing a capillary force to the 
liquid working fluid. These sharp angles or the like are arranged between the 
evaporator end and the condenser end in the heat exchanger element 12. It is 

10 essential that the heat exchanger element 12 comprises such portions as an- 
gles, corners or the like that are small enough to direct the capillary forces to 
the liquid working fluid. At the same time, the heat exchanger element 12 must 
include a free vapour channel. The basic function of the heat exchanger ele- 
ment 12 is known in the prior art and will therefore not be explained here in 

15 greater detail. 

At least one heat exchanger channel 14 is preferably formed on the 
heat exchanger part 13. Here the heat exchanger channel 14 refers to an 
open structure. 

The heat exchanger channel 14 is preferably a groove or the like on 

20 the surface of the initially one-piece heat exchanger part 13. Alternatively, the 
heat exchanger channel 14 may also be a groove or the like on the edge of 
the one-piece heat exchanger part 13. The heat exchanger channel 14 can 
alternatively be different than the one in the Figure and be placed in another 
location on the initially one-piece heat exchanger part 13. 

25 The initially one-piece heat exchanger part 13 may also preferably 

comprise at least one initially integral cavity 15. Then said at least two initially 
separate surface areas 13a, 13b are inside said at least one integral cavity 15. 
There may, of course, be more than one initially integral cavities 15. 

Figure 3 shows the initially one-piece heat exchanger part 13, 

30 whose initially integral cavity 15 is formed in such a manner that at least two 
initially separate surface areas 13a, 13b are brought into the vicinity of one 
another so as to form two heat exchanger elements 12 on the initially one- 
piece heat exchanger part 13. 

Correspondingly by bringing multiple initially separate surface areas 

35 13a, 13b of the initially integral cavity 15 into the vicinity of one another as 
shown in Figure 4, there will be several heat exchanger elements 12 in the 
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tubular one-piece heat exchanger part 13. 

The initially one-piece heat exchanger part 13 in Figures 3 and 4 
can also preferably be moulded in such a manner that one side becomes 
even, which is why the heat source 1 1 can easily be connected thereto. 
5 Although Figures 3 - 5 show substantially circular initially one-piece 

heat exchanger parts 13 in cross section, the initially one-piece heat ex- 
changer part 13 may naturally have a different cross section. 

The initially separate surface areas 13a, 13b of the initially integral 
cavity 15 can preferably be brought into the vicinity of one another, for exam- 
10 pie, by pressing the initially one-piece heat exchanger part 13 between two 
instruments 16 as shown in Figure 4. 

It is of course possible that the heat exchanger 10 of the invention 
comprises such heat exchanger elements 12, the structure of which corre- 
sponds with the structure of a conventional micro heat pipe and/or that con- 
15 ventional heat pipes are used therein. 

By moulding initially separate areas 13a, 13b into the vicinity of one 
another, they may also, if needed, be connected together preferably by gluing, 
welding or fusing. There are also other possible connection methods. When 
selecting a connection method it is important that it can provide a close con- 
20 nection. Individual heat exchanger elements 12 can in some cases be con- 
nected together, but the heat exchanger elements 12 should be separated 
from the environment. 

The heat exchanger 10 of the invention preferably comprises heat 
exchanger members 17 arranged to emit heat energy conducted to the con- 
25 denser area into the environment. 

The heat exchanger 10 of the invention preferably comprises heat 
exchanger members 17 arranged to emit heat energy conducted to the heat 
exchanger 10 into the environment. 

Heat exchanger members 17 are preferably air cooling members 
30 integrated into the heat exchanger 10. In Figure 2 the air cooling members are 
fins preferably made into one integral unit together with said initially one-piece 
heat exchanger part 13 so as to form an integral unit. Then there is more in- 
terface between the heat exchanger 10 and the environment. Through the in- 
terface the heat exchanger 10 emits the heat energy conducted thereto into 
35 the environment; the heat transfer capacity of the heat exchanger 10 thus be- 
ing more efficient. 
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The heat exchanger members 17 may also be liquid cooling mem- 
bers, in which case the heat exchanger 10 is cooled using a coolant. 

The heat exchanger 10 of the invention preferably also comprises 
at least one connecting channel 18 connecting at least two heat exchanger 
5 elements 12. 

The aim of this at least one connecting channel 18 is to divide the 
heat transfer capacity more advantageously, the heat transfer capacity then 
being transferred where it is needed. Production technically, this also facili- 
tates the manufacturing of the heat exchanger 10 of the invention, since each 
1 0 heat exchanger element 12 does not have to be sealed separately. 

Alternatively, ail heat exchanger elements 12 can be connected to- 
gether in such a way that there is only one single substantially integral cavity 
(not shown in the Figure) inside the heat exchanger 10. This is also possible 
as long as said cavity includes an adequate number of such portions that di- 
1 5 rect capillary force to the working fluid. 

The heat exchanger elements 12 can be placed in various ways, for 
example, so that the heat exchanger elements 12 move substantially in paral- 
lel from the heat source 11. The heat exchanger elements 12 may preferably 
also be placed in parallel against the circuit board level. 
20 The heat exchanger elements 12 may, for example, also be placed 

so as to deliver the working fluid to a particular point for cooling. 

Alternatively the heat exchanger elements 12 can be placed in such 
a manner that the heat exchanger elements 12 move two or three- 
dimensionally from the heat source 1 1 . 
25 The heat exchanger 10 of the invention can be connected to the 

heat source 1 1 in various ways. What is most important is that the thermal 
contact between the heat source 11 and the heat exchanger 10 is as good as 
possible. Conventional thermal mediums can be used to improve thermal 
contact. 

30 Figure 5 shows how the tubular initially one-piece heat exchanger 

part 13 can be pressed into a moulded recess 20 made in the base material 
19, in which case the heat exchanger 10 of the invention is provided in the 
base material 19. A particularly good thermal contact is thus provided between 
the heat exchanger element 12 and the base material 19. 

35 The invention also relates to a method for producing the heat ex- 

changer 10 based on heat energy bound to working fluid in phase transition, 
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the heat exchanger 10 comprising the heat exchanger elements 12 containing 
working fluid for conducting elsewhere the heat energy generated by the heat 
source 1 1 . 

The method comprises at least the phases where the initially one- 
5 piece heat exchanger part 13 is arranged, the one-piece heat exchanger part 
13 is formed in such a manner that at least two separate surface areas 13a, 
13b thereof are brought into the vicinity of one another so as to form at least 
one heat exchanger element 12 on the one-piece heat exchanger part 13. 
This is shown, for example, in Figure 1. 
10 The heat exchanger element 12 is thereafter filled at least partly 

with working fluid and hermetically closed. This means that the heat ex- 
changer element is closed in such a way that no materials are allowed in or 
out thereof. The heat energy should, however, be able to move from the heat 
source 1 1 to the heat exchanger element 12 in the evaporator end thereof and 
1 5 away from the heat exchanger element 12 in the condenser end thereof. 

The phases of the method of the invention can alternatively be 
performed in a different order. 

The surface of the heat exchanger part 13 can preferably be ma- 
chined before the one-piece heat exchanger part 13 is formed, whereby more 
20 such portions, as sharp corners directing capillary force to the working fluid, 
are provided in the formed heat exchanger elements 12. Machining may pref- 
erably provide, for example, heat exchanger channels 14, shown in Figure 1. 

Figure 3 shows how the one-piece heat exchanger part 13 com- 
prising an integral cavity 15 is formed in such a manner that the two separate 
25 surface areas 13a, 13b inside the integral cavity 15 are brought into the vicinity 
of one another so as to form two heat exchanger elements 12 on the one- 
piece heat exchanger part. Naturally there may be more than two separate 
surface areas 13a, 13b. There may also be several integral cavities 15. 

The one-piece heat exchanger part 13 can preferably be formed by 
30 pressing it between two instruments 16, as shown in Figure 4. There may, of 
course, be more than two such instruments 16. At least one of the instruments 
16 has an even working surface, in which case an even mounting surface (not 
shown in the Figure) is formed on the heat exchanger for the heat source 1 1 . 

A substance at least partly resisting the compression of the cavity 
35 15 is preferably placed in at least one integral cavity 15. When selecting such 
a substance and considering the degree of admission of the cavity, the reduc- 
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tion ir> cavity size should be taken into account when forming it. 

The one-piece heat exchanger part 13 can preferably also be 
formed by hydraulic forming. Such hydraulic forming methods are known by 
the trade names Vari-Form and Hydroform. Such manufacturing methods as 
5 fringing, extrusion or rolling can preferably be used in manufacturing the one- 
piece heat exchanger part 1 3. 

The one-piece heat exchanger part 13 can also be formed by using 
a combination of various manufacturing methods, for example forming meth- 
ods. 

10 It is clear for those skilled in the art that the above manufacturing 

methods are merely examples of suitable methods, and that there are other 

suitable manufacturing methods. 

It is obvious for those skilled in the art that as technology advances 

the basic idea of the invention can be implemented in various ways. The in- 
15 vention and its embodiments are thus not restricted to the above examples but 

may vary within the scope of the attached claims. 
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CLAIMS 

1. A heat exchanger (10) based on heat energy bound to working 
fluid in phase transition, the heat exchanger (10) comprising, for conducting 
elsewhere the heat energy generated by a heat source (11), 

5 heat exchanger elements (12) containing working fluid 

characterized by 

comprising an initially one-piece heat exchanger part (13) formed in 
such a manner that at least two. initially separate surface areas (13a, 13b) 
thereof are brought into the vicinity of one another so as to form at least one 
10 heat exchanger element (12) by the initially one-piece heat exchanger part 
(13). 

2. A heat exchanger as claimed in claim ^characterized 
in that at least one heat exchanger channel (14) is formed in the initially one- 
piece heat exchanger part (1 3). 

15 3. A heat exchanger as claimed in claim 2, characterized in 

that the heat exchanger channel (14) is a groove or the like. 

4. A heat exchanger as claimed in claim ^characterized in 
that the heat exchanger (10) is formed of one initially one-piece heat ex- 
changer part (13). 

20 5. A heat exchanger as claimed in claim 1, characterized in 

that the initially one-piece heat exchanger part (13) comprises at least one 
initially integral cavity (15) and that said at least two initially separate surface 
areas (13a, 13b) are inside said at least one integral cavity (15). 

6. A heat exchanger as claimed in claim 5, characterized in 
25 that the initially one-piece heat exchanger part (13) is shaped as a tube. 

7. A heat exchanger as claimed in claim ^characterized in 
that the heat exchanger (10) comprises heat exchanger members (17) ar- 
ranged to emit heat energy conducted to the heat exchanger (10) further into 
the environment. 

30 8. A heat exchanger as claimed in claim 7, characterized in 

that the heat exchanger members (17) are air cooling members integrated into 

the heat exchanger (10). 

9. A heat exchanger as claimed in claim 7, characterized in 

that the heat exchanger members (17) are liquid cooling members. 
35 1 0. A heat exchanger as claimed in claim 1, characterized 

in that the heat exchanger has at least one connecting channel (18) connect- 
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ing at least two heat exchanger elements (12). 

1 1 . A heat exchanger as claimed in claim 1, characterized 
in that the heat exchanger elements (12) are substantially parallel. 

12. A method for producing a heat exchanger (10) based on heat 
5 energy bound to working fluid in phase transition, the heat exchanger (10) 

comprising, for conducting elsewhere the heat energy generated by a heat 
source (11), 

heat exchanger elements (12) containing working fluid 
characterized by comprising at least the following steps 
10 arranging an initially one-piece heat exchanger part (13) 

forming a one-piece heat exchanger part (13) in such a manner that 
at least two initially separate surface areas (13a, 13b) thereof are brought into 
the vicinity of one another so as to form at least one heat exchanger element 
(12>of the initially one-piece heat exchanger part (13), 
15 filling the heat exchanger part (12) at least partly with working fluid, 

and 

closing the heat exchanger element (12) tightly. 

13. A method as claimed in claim 12, characterized by 
arranging the one-piece heat exchanger part (13) comprising at 

20 least one integral cavity (1 5), 

forming the one-piece heat exchanger part (13) in such a manner 
that the at least two separate surface areas (13a, 13b) inside said at least one 
integral cavity (15) are brought into the vicinity of one another so as to form at 
least two heat exchanger elements (12) of the one-piece heat exchanger part 

25 (13). 

14. A method as claimed in claim 13, characterized in that 
a substance at least partly resisting the concentration of the cavity (15) is 
placed in at least one integral cavity (15). 

15. A method as claimed in claim 12, characterized in that 
30 the one-piece heat exchanger part (13) is formed by pressing it between at 

least two instruments (16). 

16. A method as claimed in claim 12, characterized in that 
the one-piece heat exchanger part (13) is formed by hydraulic forming. 

17. A method as claimed in claim 12, characterized in that 
35 the surface of the one-piece heat exchanger part (13) is processed before 

forming the one-piece heat exchanger part (13). 
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